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(74) [Attomey(s) Representing All Applicants] 
[Patent Anomey] 
(57) [Abstract] 

[Problem] wavelength precision is high by controling scrpcoti 
nc, it designates that fbearray waveguide type wavelength 
divider/coupler where in addition crosstalk is low is actualized 
as the objective. 

[Means of Solution] Xs produced in 1 on substrate input wavegu 
ide 2 of one arthe multiple which, first slab waveguide 3, It is 
constituted from waveguide of multiple where length difffcrathe 
array waveguide 4, it is constituted from output waveguide 6 of 
second slab waveguide 5 and multiple, ^designates that mode 
stabilization waveguide 8 is inserted in frantentry power 
waveguide 2 and first slab waveguide 3, and 
afbrementionedoutput waveguide 6 and between second slab 
waveguide 5 in array waveguide type wavelength divider/coupler 
where thewaveguide which possesses electric field distribution of 
multiple modes in connector of ThcaforcmcDtiancd slab 
waveguide 3,5 is used, as feature. 




[Clairo(s)] 

[Claim 1] Is produced on substrate input waveguide of one or 
multiplcwhich, first slob waveguide , It is constituted from 
waveguide of multiple where length differsthe array waveguide , 
second slab waveguide , array waveguide type wavelength 
divider/coupler which designates that mode 
atabilizationwavcguidc is inserted in front entry power 
waveguide and first slab waveguide , the and aforementioned 
output waveguide and between second slab waveguide in thearray 
waveguide type wavelength divider/coupler where waveguide 
which is constituted from outputwaveguide of one or multiple, 
possesses electric field distribution of multiple modes inthe 
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connector of aforementioned slab waveguide is used, as feature. 

[Claim 2] Is produced on substrate input waveguide of one or 
multiplewhich, first slab waveguide , i is constituted from 
waveguide of multiple where length diflersthe array waveguide , 
array waveguide type wavelength divider/coupler which 
designates that mode stabilizali onwaveguide is added to 
waveguide edge which forms aforementioned array 
waveguidegroup in array waveguide type wavelength 
divider/coupler where waveguide which sscoond slab waveguide , 
isconstituted one or multiple from output waveguide, 
possessesthc electric field distribution of multiple modes in 
connector of aforementioned slab waveguide isuacd, as feature. 

[Claim 3] 3n order aforementioned mode stabilization waveguid 
e, to fill up the single mode condition, may waveguide type 
wavelength divider/coupler which is stated in Claim 1 or 2 
whichdesignaxes that it is a straight line waveguide which makes 
waveguide width or waveguide thickness orthc both small as 
feature. 
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[Description of the Invention] 
[0001] 

[Technoloeical Field of Invention] This invention regards ana 
y waveguide type wavelength divider/coupler. As for details, 
waveguide type accumulation optical component which is used 
withthc wavelength large amount optical communication or 
optical signal processing or other field, it is something regarding 
properly improvement of theespecially array waveguide type 
wavelength divider/coupler. 

[0002] 

[Prior Art] light where wavelength differs light signal of plural 
where thewavelength differs simultaneously regarding 
wavelength multiple optical communication which transmission 
isdone, combination wave or it is a device where wavelength 
divider/coupler which theamount wave is done is important 
wavelength divider/coupler {Below , array waveguide tjpe 
wavelength divider/coupler you abbreviate. ) which uses array 
waveguide diffraction grating which even among those is 
formedwith optical waveguide on plane subsiraie is observed as 
practical device. 

[0003] Constitution of array waveguide rype wavelength divider 
/coupler is shown in Figure 1. as shown in same Figure, an 
substrate 1, input waveguide 2, input side slab waveguide 3, the 
array waveguide 4, output side slab waveguide 5 and output 
waveguide 6 are connected to order. From outside inside input 
side slab waveguide 3 incidence it does light which isinputtcd 
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into input waveguide, in waveguide of plural which farmsthe 
spreading array waveguide 4 due to diffraction via optical fiber 
etc. 

[0004] fapur light propagation after doing array waveguide 4, re 
aches to output side slab waveguide 5. irradiated light from 
waveguide of plural interferes mutually, light collectiondoes in 
connector vicinity of output side slab waveguide 5 and output 
waveguide 6, incidence does inthe any of output waveguide 6 
which is plural is led to with the substrate edge Depending 
upon phase shift which it occurs due to difference of thelength 
between waveguide which forms array waveguide 4 because 
positionwhere light collection it docs differs depending upon 
wavelength, when wavelength nuxltiplelight is inputted from 
input waveguide, in resulting, (Amount wave it is done. ) which 
IS outputted from output waveguide 6 which differs every 
wavelength. 

[0005] As in above-mentioned explanation, array waveguide ty 
pc wavelength divider/coupler for a long time Reoperation 
which is similar to spectrometer which uses diffraction grating 
which is known, is something which is actualized making use of 
optical waveguide whichit is lumped together is produced making 
use of photolithography on the plane substrate, with miniature, 
it is rich to mass productivity, it is consideredprornising as 
wavelength divider/coupler for wavelength multiple 
communication, ( Japan Unexamined Patent Publication Hei 2- 
244105 disclosure ). 

[0006] 

[Problems to be Solved by the Invention] But, there was a probl 
em that in conventional array waveguide type wavelength 
divider/coupler light wavelength which isoutjiuttcd from each 
output waveguide 6 slips from design number. You explain 
below . makinc use of expanded view 1 of connector vicinity 
ofthe output side slab waveguide 5 and output waveguide 6 which 
show details in Figure 6. 

[0007] Taper waveguide 7 and straight line waveguide 1 1 are in 
sorted betw e en output side slab waveguide 5 and outputwaveguide 
6. As for taper waveguide 7 for incident light domain 
enlargement, an for straight line waveguide, it hast therole of 
length adjustment in order to make waveguide kind 
ofarrangement which is shown in Figure 1 . 

[QOOg] Well, as explained first light collection it does optical 1 
2 which isemitted from array waveguide 4 inside output side slab 
waveguide 5, light coUecbon position moves with 
mewavdengtbu amount of maveinent is proportionate to 
wavelength change in arnount, amount of movement per unit 
wavelength change iscalled linear part scattering. When for 
example linear part scattering 20 m/1 nm and supposition it 
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does, if interval ofthe taper waveguide 7 is designated as 20 
m, wavelength interval can produce wavelength 
divider/couplerof 1 m 

[0009] However, as it* as being a place where it slips somewhat 
In comparison with when beam light collection does to fact in 
center of output terminal of taper waveguide 7 with experiment, 
when light collection it docs, you disco vcredthe feet that it is 
times when wave conduction of light to output waveguide 6is 
satisfactory. Because as for this, as shown in propagation 

trajectory 13 of wave conduction light which isshown in in the 
diagram, serpentine doing taper waveguide 7 and straight line 
waveguide 1 1, oncwhich propagation it does, is led to efficient 
to output waveguide 6 whichis bent 

[0010] Furthermore, from point of view of propagation mode I 
heory of optical waveguide thepropagatian trajectory 13 which 
is shown here is not precise expression method. In regard to 
circumstances which explain phenomenon, because it isan 
expression which it is easy to understand, this method was used. 
Because in regard Co arrangement of output waveguide 6, length 
of thestraight line waveguide 1 1 where serpentine occurs differs, 
gap ( x of in the diagram) of taper waveguide 7 center and 
thepropagated light strength peak is not fixed. 

[00) l] When it calculated mak^ 
hod,asfbT xthc0.7 mil is verified from -0.7 mby 
length of straight line waveguide 1 1, that itfluctuates. In this 
case, when opposite calculation it does from linear part 
scattering, with wavelength multiple optical coiuiuum canon 
where wavelength precision where positional deviation of ■+■/- 0. 
7 m becQtrjesthe wavelength error of +/- 0.035 nm, is high is 
required there arc rime*: when youcannot use. 

[0012] in addition, influence of serpentine appears even with o 
inlet vicinity of thcarray waveguide 4. taper waveguide of shape 
which is similar to taper waveguide 7 in Figure 6, hasbeen used 
diffraction efficiency of array waveguide 4 to individual 
waveguide and bctwccnthc output side slab waveguide 5 array 
waveguide 4 is formed in order to improve. light which 
waveguide which forms array waveguide 4 propagation is 
donednside taper waveguide 7, serpentine it docs, light intensity 
peak slips from center ofthe taper. 

[0013] Therefore, spacing of light which from array waveguide 
4 is emitted inthe output side slab waveguide 5 originally place 
where it should be a equal srjactag, means tobecome unequal 
spacing. When spectrum principle of array waveguide 4 is 
similar to general diffraction grating, itbecomes unequal spacing 
characteristic as diffraction grating deteriorates, crosstalk ofthe 
wavelength divider/coupler becomes result which increases. 

[0014] This serpentine phenomenon straight line waveguide wh 
ich Is to between taper waveguide 7 and outpurwaveguide 6 
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mode other than zero order mode derives in propagation doing. 
Because namely, zero order mode mode other than that docs 
propagation, trajectoryof strength peak serpentine does in 
equivalent with interference. 

[0013] As mode other than zero order mode, higher order mode 
when waveguide has notfiUed up single mode condition (Or 
more of primary), in addition, when waveguide has filled up 
thesingle mode condition in, raar£> l ) , in kind of form which is 
anached, onlybctween of short distance partially is a mode (It 
is called emission mode or ciadding mode. ) which it can existin 
waveguide care. 

[0016] This kind of serpentine phenomenon is controlcd. all wa 
veguide which exclude slab waveguide andthe taper waveguide 7 
are designated as single mode waveguide, at same time, in order 
forxhe emission mode to leave from zero order mode 
sufficiently, is made thefully long method which can think of 
straight line waveguide which is between thetaper waveguide 7 
and output waveguide 6. But, with single mode waveguide 
because electric field of zero order mode in waveguide core 
andthe cladding boundary is strong, scattering loss which it 
occurs due to unevenncss of theside wall of waveguide core 
increases, there is a deficiency which insertion loss of the 
wavelength divider/coupler increases. 

[0017] AS above, explained, with taper waveguide 7 there was a 
problem where charaamsdcdctcriorata with serpentine of 
light, regarding conventional array waveguide type wavelength 
divider/coupler. As for this invention, considering to above- 
mentioned Prior Art, it issornething which you can do, 
wavelength precision is high by controling scrpentine^it 
designates mat array waveguide type wavelength divider/coupler 
' where in addition crosstalk islow is actualized as object. 

[0018] 

[Means to Solve the Problems] In order to actualize above-men 
tioned objective, this invention, foUowingthe taper waveguide, 
is something which designates that it provides modestabilization 
region as feature straight line waveguide (From now on, mode 
stabilization waveguide it calls) where concretely, width is 
narrow is connected to thetaper waveguide. 

[0019] [Action] Because with mode stabilization waveguide whic 
h ascription aboveis done waveguide width is narrow, higher 
order mode propagation not to be possible, in addition, because 
it separates also emission mode from thezcro order mode with 
short distance, serpentine is controled and light intensity peak 
ina&rementioued taper waveguide edge agrees with center of 
taper waveguide. 

[0020] hi addition, only portion where serpentine occurs make 
s waveguide widthnarrow, as for other waveguide because it has 
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made similar thicknesfiuuti] recently, increase of insertion loss 
with scattering in core side wall which description above is done 
is not seen. Therefore, it depends on using this means, above- 
mentioned wavelength error is gone, in addition crosstalk is 
decreased, it becomes possible toproduce array waveguide type 
wavelength divider/coupler where practicality is high. 

[0021] 

[Embodiment of Invention] Below, concerning this invention 
referring to Working Example which is shown inthe drawing, 
you explain in detail. 

[Working Example 1] Figure 1 is conceptual diagram of array w 
aveguide type wavelength divider/coupler wbich is in common 
tothe 1st and 2nd Working Example. As shown in Figure 1 , on 
silicon substrate 1, waveguide pattern was formed making uscof 
quartz-based glass waveguide which was formed by flame 
hydrolysis deposition technique and reactive ion etching . As 
for 2 input waveguide , as for 3 as for input side slab waveguide 
and 4 as for array waveguide and 5 as fbr oinpui side slab 
waveguide and the6 it is an output waveguide. 

[0022] As shown in figure, wavelength multiple light which map 
power is done theamount wave being done by spectrum action 
of array waveguide 4 which isexpressed before, is removed from 
separate output waveguide 6 from the) *mrmg input waveguide 
2. As fbr thickness of waveguide core 6 m and input 
waveguide 2, as fbrthc width of array waveguide 4 and output 
waveguide 6 it made 7 m Difference of index of refraction 
of waveguide core and cladding is 0.75 %. 

[0023] With this dimension as for waveguide single mode condit 
ion is not filled up, This as expressed before, x£ in order to 
decrease scattering loss of the waveguide. Figure 2 is, expanded 
view of connector vicinity of output side slub waveguide 5 and 
output waveguide Sin order to explain feature of first Working 
Example. Because linear part scattering 20 m/1 nm and 
wavelength interval are designed ihel nm, interval of taper 
waveguide 7 is 20 m With taper waveguide 7 and output 
waveguide 6, mode stabilization waveguide 8 where width is 
narrow is provided. 

[0024] Waveguide width was 4 m, in addition, length made 5 
00 m extent. In other words, ooly this portion fills up single 
mode condition, has possessed rfresufficient length because in 
addition emission mode separates. In addition, in order to be 
known well, regarding curve waveguide. 0.4 mshifHng center 
of output waveguide 6 and mode stabtiizarionwavecuide 8 
strength peak of propagated light from fact that it slips in 0.4 
m extent outsidejba antiapariori of that much from center of 
waveguide, in order fhrlight to pass smoothly connector, 
consideration has done. 
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[0025] Transmittance of light which is acQuired from output wa 
veguide 6 of tted in wavelength divider/coupler which is 
produced in Figure 3 (a) and result ofmeasuring related ( 
spectrum ) of wavelength are shown. Id design transmittal 
wavelength of 4 was designated as 1551 nm .1552 nm, 1553 nm, 
1 554 nm, butthe wavelength of according to design ia acquired. 
Figure 3 (b), for comparing, is result of measuring spectrum of 
theconventional wavelength divider/coupler which docs not 
have mode stabilization waveguide 8 in same design, interval of 
output waveguide 6 is equal spacing of as for the wavelength 
interval not to be a equal spacing, has slipped even from design 
number in spite. 

[0026] Comparing both, in order to be clear, output wavelength 
of according tothc design could be acquired by ftct mat you 
control scrpcnrinCjCould verify effectiveness of this invention. 
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[Working Example 2] Figure 4 is, array waveguide 4 in order to 
explain feature of second Working Exampleand expanded view 
of connector vicinity of output side slub waveguide 5. 
Furmennorc , waveguide layout of wavelength divider/coupler 
entirety, dimension of waveguide, the production method is 
similar to £rst Working Example, 

[0027] Interval of taper waveguide 9 is 15 m. mode stabiliza 
tion waveguide 1 0 is provided between waveguide 4 whichfbrms 
taper waveguide 9 and array waveguide 4. AS for width of mode 
stabilization waveguide 10 as for 4 m andthe length it made 
500 m extent in same way as first WorJang Example, 
nieasurement result of spectrum of light which is acquired from 
outputwaveguide 6 of one of wavelength divider/coupler which 
is produced in Figure 5 isshown. 

[0028] In addition, spectrum of rarxventianal wavelength divid 
er/coupler plot it is done,sinxultancou sly to same graph . vVith 
wavelength dividcry coupler of this working example as fbr 
crosstalk (For u ansmimm cc with transmitted wavelength ratio 
Of transmittance outside U aiiaini ttod wavelength band) it is a - 
41 dB, mecharactcristic where quite crosstalk is low is acquired 
Vi5-a-vis this, with conventional wavelength divider/coupler ad 
for crosstalk it is a 30 dB extent, itundczstands that also 10 dB is 
bad with influence of the serpentine. As result shows, be able to 
decrease crosstalk by controling theserpentine with array 
waveguide 4 outlet vicinity, effectiveness of this invention 
could be verified 

[0029] Furthermore, mode stabilization waveguide was arranged 
in outputwaveguide and output side of array waveguide 
regarding 2 Working Example of this invention^but if of 
reversibility of light is thought, if with input waveguide 2 andthe 
input side slab waveguide, similar mode stabilization waveguide 
into also input sideof array waveguide is arranged, it is self- 
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explanatory for effect toredouble. Jxx addition, if Working 
Example 1 and Workup Example 2 arc jointly used, also it 
isself-wqplanatory for both of decrease of improvement and 
thecrosstalk of wavelength precision to be actualized 
simultaneously. 

[0030] Furthermore if it adds, it made waveguide where wavegui 
de core width is narrow.but making height of waveguide core 
low, similar result is acquired. Ia addition, as waveguide material 
silicon substrate was used as quarto-based gloss and the substrate 
which are produced by flame hydrolysis deposition technique , 
but if you follow gist ofthe this invention, it is clear for similar 
effect to be acquired making use ofanothcr material. 

[003 1 ] Furthermore, You explained with above-mentioned Wor 
icing Example concerning when taper waveguideis used for 
connector of slab waveguide, but, If it does from basic concept 
of this invention, vis-a-vis waveguide of all geometry which 
possess electric field distribution of multiple modes in, 
connector of slab waveguidesuch as waveguide , for example 
parabolic type waveguide , multiple modes interference type 
waveguide and Y branched type waveguide which possess 
geometry other than taper, it is similar forsimilar effect to be 
acquired. 

[0032] 

[Efects of the Jtaveation] Or more. As explained concretely on 
basis of Working Example, With this invention, light 
serpentine doing waveguide, phenomenon which 
thepropagation is done wavelength precision and crosstalk of 
wavelength divider/coupler feet that itdcteriaratcs is discovered, 
wavelength precision is high by arranging modcstabilization 
waveguide in order to control serpentine as countcrracflsur©,, 
theanay waveguide type wavelength divide/coupler where in 
addition crosstalk is low is actualizcdwithout increase of 
insertion loss. Using quite simple method that makes waveguide 
width narrow, as meansof mode stabilization to be, If this when 
producing waveguide pattern, ia just job with step of thedesign of 
photomask which is used and you follow this invention, there 
isnot increase of production cost completely and be able to 
offer high performance wavelength dividex/coupler,it can 
expect great effect in field of wnvclcngth multiple 
c on !i i n mi cation and optical signal processing. 
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[Brief Explanation of the Drawing^)] 

[Figure 1] a is a entirety conceptual diagram of array waveguide 
type wavelength divider/coupler. 

[Figure 2] ft is, a expanded view of connector vicinity of output 
waveguide and output side slab waveguide 5 in orderto explain 
first Working Example of this invention. 

P.9 
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[Figure 3] As for Figure 3 (a) as for graph and Figure 3 (b) Wkic 
b show tranfinoittarxcG s^ectnrjooof wavelength divider/coupler 
which is a first Working Example of this invention it is a graph 
which showsthe transmittan.ee spectrum Of wavelength 
divider/coupler which is designed with Prior Art. 

[Figure a] It is, a expanded view of connector vicinity of array 
waveguide and output side slab waveguide in order toexplain 
second working Example of this invention, 

[Figure 5] It is a graph which shows transxnittance spectrum fbr 
output waveguide of oncin wavelength divider/coupler which is 
designed with wavelength divider/coupler and Prior Art which 
area second Working Example of this invention, 

[Figure 6] It is a output side slab waveguide of wavelength divide 
rVcoupler which is designed with prior technology and aexpanded 
view of connector vicinity of output waveguide. 

[Explanation of Reference Signs in Drawings] 

1 silicon subsiracc 

2 input waveguide 

3 input side slab waveguide 

4 array waveguide 

5 output side slab waveguide 

6 output waveguide 

7 taper waveguide 

8 mode stabilizarjon waveguide 

9 taper waveguide 

1 0 mode stabilization waveguide 

1 1 straight line waveguide 

12 light collection beam 

inside 1 3 waveguide propagation is done traj ectory of light int 
ensity peak which 
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